Abstract:
INTRODUCTION
Refractive errors refer to a form of optical defect in which the optical system is unable to focus parallel rays of light sharply on retina, when the accommodation is at rest [1 -3] . The most common types of refractive errors include myopia, hyperopia and astigmatism. The global magnitude of refractive errors is not reliably reported but it is estimated that more than 2.3 billion people worldwide are affected by this ocular condition [4] . Impaired vision resulting from uncorrected refractive errors is recognized as a significant health concern worldwide [5] . Refractive errors have serious social and economic impact on individuals and communities, limiting their academic and employment potential [6 -9] .
The pattern of refractive errors varies according to population characteristics such as, age [1, 2, 8, 10 -15] , gender [2, 7, 10 -12, 16 -18] , race [19] and ethnicity [20 -22] . Recent reports have suggested that the difference in the prevalence rates may be attributed to educational pressures [9, 23, 24] , literacy standards [25, 26] and lifestyle changes [16] which tend to vary in urban and rural environments [3, 7, 11, 26 -28] . As refractive errors are a major contributor of mild to moderate impairment of vision, assessment of their relative proportion would be helpful in strategic planning of health programs [15, 18, 29] .
Currently, there is little data on the relative proportion of different types of refractive errors in Saudi Arabia. A few studies have reported the prevalence and pattern of types of refractive errors in school going children in the past decade [7, 10, 30, 31] . In the current study, we aimed at determining the pattern of relative proportion of different types of refractive errors among the adult candidates seeking laser vision correction at Tadawi Eye Surgical Centre, Taif, Saudi Arabia.
METHODS
The clinical charts of 687 patients (1374 eyes) with 335 males (670 eyes) and 352 females (704 eyes) who desired the laser vision correction and had a pre-LASIK work-up between January 2014 to June 2015 at Tadawi Eye Surgical Centre, Taif, Saudi Arabia were reviewed retrospectively. The mean age of the patients was 27.6 ± 7.5 (range 18 to 65 years): males 26.7 ± 7.5 (range; 18 to 56 years) and females 28.5 ± 7.5 (range; 18 to 68 years). Inclusion criteria were age > 18 years, no prior refractive, corneal or cataract surgery. Any cases with corneal pathologies and keratoconus were excluded from the study. The study followed the tenets of the Declaration of Helsinki and was approved by Taif University's institutional review board with waiver of consent because the data were collected as a part of normal practice care provision.
As a part of the standard LASIK work-up, all the subjects underwent cycloplegic refraction for the measurement of refractive errors. Cycloplegic refraction was performed with 1% cyclopentolate hydrochloride. Cyclopentolate drop was instilled two times at an interval of 10 minutes, and refraction was carried out after 45 minutes from the first instillation. Cycloplegia was considered complete if the pupil was dilated to 6 mm or more and no light reflex was present. This process was followed by subjective refraction after 3 days. Manifest refraction data thus obtained were analyzed to find out the pattern of the relative distribution of different types of refractive errors.
Refractive errors were classified as myopia, hyperopia and astigmatism. Manifest refraction spherical equivalent (MRSE) was applied to define refractive errors in this study and was calculated mathematically by adding sphere power and half of the cylinder power.
Myopia was defined as a spherical equivalent of ≥ −0.50 Diopters (D) (mathematically); which was further categorized as low (≥ −0.50 D and < −3.00 D), moderate (≥ −3.00 D and < −6.00 D) and high (≥ −6.00 D). Hyperopia was defined as a spherical equivalent of ≥ +0.50 D; which was further categorized as low to moderate (≥ +0.50 D and < +3.00 D) and high (≥ +3.0 D) hyperopia. Emmetropia with astigmatism was defined as absolute cylindrical error of ≥ 0.50 diopter cylinder (DC) but had emmetropia when spherical equivalent was considered (MRSE; > −0.5 D to < +0.5 D).
Astigmatism was defined as cylinder error of ≥ 0.50 DC (absolute value) in any axis. Low to moderate astigmatism was defined as cylinder error of ≥ 0.50 DC and < 3.00 DC and high astigmatism as ≥ 3.00 DC. Distribution of astigmatism was also analyzed on the basis of axis of the principal meridians. 
RESULTS
The mean spherical equivalent for 1374 eyes was −3.11 ± 2.88 D (males = −2.72 ± 2.63 D, females = −3.47 ± 3.06 D). Of the total 1374 eyes, 91.8% (n = 1262) eyes had myopia, 4.7% (n = 65) eyes had hyperopia and 3.4% (n = 47) had emmetropia with astigmatism. Distribution of myopia, hyperopia and emmetropia with astigmatism is presented for different populations i.e. overall, male/female and age up to/above 40 years. (Table 1) .
Overall distribution of astigmatism (cylinder error of ≥ 0.50 D) in the current study population was found to be 78.5% (1078/1374 eyes). Distribution of different types of astigmatism categories is presented in detail in Table ( 2) for different populations (overall, male/female and age up to/above 40 years). 
DISCUSSION
The prevalence and proportion of different types of refractive errors vary according to different ethnical, cultural, geographical, demographic, ocular, economical [23] , and environmental (education [26] , prolonged indoor and near activities [27] ) characteristics among various studies [3, 15, 32] . Before comparing the current study results with other studies, it is important to acknowledge differences in the definitions, study population, methodologies and refractive error measurement techniques. While the majority of previous publications studying refractive errors have been performed in school children and a few in general population (comprising different age groups), the current study population included those adults who already had at least some refractive error and desired laser refractive correction. Therefore, the relative proportions of different types of refractive errors, as found in the current study and in the literature are being discussed here. Of note, the prevalence of different types of refractive errors in the representative age group or in general population have not been studied/discussed. A review of literature reveals different minimum/maximum cut-off values to define the refractive errors [7, 10, 17, 21, 32, 33] and data analysis methods (patient wise versus eye wise distribution) [7, 13, 30, 34, 35] etc. These differences will be highlighted while comparing the current study results with the literature.
In the current study, we determined the proportion of different types of refractive errors in the patients who desired laser vision correction. The results of the current study indicate that the myopia accounts for 91.85% eyes, hyperopia in 4.73% eyes and emmetropia with astigmatism only in 3.42% eyes of patients who had a pre-LASIK work up. Of the total eyes, 78.46% had astigmatism and 21.54% eyes had no astigmatism.
A few publications have reported the proportion of types of refractive errors in their study population. Three studies from Saudi Arabia [7, 30, 31] have reported the proportion of myopia ranging from 55 to 65.7%, hyperopia ranging from 9.9 to 45% and astigmatism ranging from 25 to 66.20% Table ( 3). The pattern of distribution of refractive errors found in the current study is similar to these studies; however, the overall proportion of myopia and astigmatism is comparatively lower and hyperopia is higher in these studies than the current one. Although there is a geographical similarity between the current study and the studies mentioned above, the comparative analysis with the current study is inappropriate, most likely due to the differences in the age group of study population (school children/adolescent versus patients seeking laser vision correction). The proportion of distribution of refractive error is also available from other parts of the world, such as countries like Nigeria [2, 34] , Ghana [13] , Uganda [36] , Nepal [28] and Pakistan [16] Table ( 3). The results from these studies couldn't be adduced in comparison to the current study due to the inherent differences in the methodological characteristics of each study Table ( 3). Most of the authors have considered the refractive error of only one eye (worse eye or right/left eye), whereas some authors have not described how the pattern of refractive errors was calculated when both eyes of a patient were considered. In a study involving both the eyes, mean MRSE of both eyes of one subject was considered for analyzing the pattern of types of refractive error [35] , which the author feels is inappropriate. It is recommended that the types of refractive error should be decided eye wise instead of taking mean MRSE of right and left eye. In the current study, the refractive error data has been analyzed eye wise instead of patient wise.
There is lack of agreement among different studies regarding the definition of myopia and hyperopia. While most of the authors have considered MRSE as the defining criterion [1, 11, 12, 17, 21, 24 -26, 29, 37] , others have included the spherical errors only [2, 13, 38] . Such a method of presentation may potentially result in the under-representation of myopic/hyperopic refractive errors in a population as only the patients with no astigmatism (< 0.5 D) will be categorized as myopia/hyperopia. This method will not include the eyes with simple/compound myopic/hyperopic astigmatism under the proportion of myopia/hyperopia. Thus, care should be taken when comparing the results of such studies.
There is lack of uniformity among the available publications regarding the lower and upper cut-off point taken for diagnosing the type of refractive error. For myopia, various lower cut-off values of MRSE have been used in the literature, such as > −0.50 D [11, 14, 21, 24] , ≥□−0.50 D [1, 8, 10, 12, 17, 27, 39] , ≥ −0.75 D [7] and ≥ −1.00 D [33] .
The corresponding values for hyperopia have been reported as > +0.50 D [11, 14, 21, 24, 30] , ≥ +0.5 D [1, 12, 17, 26] , ≥ +1.50 D [23] , ≥ +1.75 D [33] and ≥ +2.0 D [7, 8, 10, 18, 27, 39] . Likewise, for astigmatism, minimum cylinder (positive cylinder format) cut-off values of > 0.5 DC [8, 11, 21, 24, 25, 29] , ≥ 0.5 DC [17, 40] , ≥ 0.75 D [10, 12, 18, 26, 39] , ≥ 1.00 DC [33] and ≥ 1.5 DC [22, 32] have been used in different studies. In addition, various ranges of refractive (Table ) contd..... error have been used for further sub-classification of myopia, hyperopia and astigmatism. For example, for low myopia category, some authors have used MRSE range of −0.5 D to < −3.0 D [10, 12, 30] , whereas others have used ≥ −0.5 to −2.75 D (sphere) [2] . In the current study, we have used definitions of refractive errors as recommended by American Academy of Ophthalmology with a few modifications [41] . As such, there is a need to standardize the definitions for diagnosing refractive errors.
A review of the literature reveals that some papers do not provide detailed definitions for different astigmatism categories: simple myopic/hyperopic, compound myopic/hyperopic, mixed astigmatism [2, 34, 42, 43] which may cause some errors in calculations. Few studies stated that for mixed astigmatism, sphere should be positive (>0.5 D) and cylinder value should be negative (>−0.50 D) or vice versa [2, 34] . If we consider this definition, a patient with sphere value of +2 D and cylinder value of −1 D, will get classified as mixed astigmatism, despite the fact that the patient actually has compound hyperopic astigmatism. This can be understood by transposing the refractive error to the reduced state (i.e. with lower absolute sphere value). After transposition, both sphere and cylinder values become +1 D, which means the patient actually has compound hyperopic astigmatism. Similarly, a patient with −2 D sphere and +1 D cylinder has compound myopic astigmatism and not the mixed. Another error can happen if magnitudes of sphere and cylinder values are same with different signs, e.g. −2 D sphere with +2 D cylinder or +2 D sphere with −2 D cylinder. Again, these cases seem to have the mixed astigmatism, which is not true. After transposition to the reduced state, the sphere and cylinder values will respectively become 0 D and +1 D for the first case and 0 D and −1 D for the second case. Thus, these subjects actually have simple hyperopic and simple myopic astigmatism respectively. Alternatively, for classification as mixed astigmatism, the cylinder value must be greater than sphere; otherwise, astigmatism will be compound/simple myopic/hyperopic depending upon the sign and magnitude of sphere and cylinder.
From the results of the current study, it is evident that the majority of people with some refractive error, desiring laser vision correction are myopic. More than 40% eyes had moderate to high myopia. In fact, these eyes pose high risk for ectasia development post refractive surgery; patients should be duly informed about these complications. Other alternative methods of refractive correction, such as phakic intraocular lens implantation can be considered in these eyes to avoid ablation related complications. Additionally, in the current study, more than 9% eyes had high astigmatism of ≥ 3 D. While it is crucial to account for cyclotorsion correction in all astigmatic eyes when performing laser refractive surgery, it is of utmost importance in eyes with high astigmatism.
CONCLUSION
This study estimates the proportion of types of refractive error among individuals with at least some refractive error who visited laser surgical center desiring laser vision correction. At 90%, myopia represented the greatest burden, compared to hyperopia in nearly 5% eyes. Astigmatism was prevalent in more than 78% eyes. The choice of treatment to achieve spectacle independence should be based on patient's individual needs and risk profiles. There is a need to standardize the definitions used for categorizing refractive errors so as to facilitate comparison between different studies.
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